BACKGROUND: Administrative claims are readily available, but their usefulness for identifying persons with non-small cell lung cancer (NSCLC) is relatively unknown, particularly for younger persons and those enrolled in Medicaid.
What is already known about this subject R E S E A R C H
• The sensitivity of at least 1 ICD-9-CM code in any field of administrative claims for identifying non-small cell lung cancer (NSCLC) patients within 60 days of diagnosis as documented in the Surveillance, Epidemiology, and End Results (SEER) registry was 51.1% for Medicaid, 88.7% for Medicare, and 99.4% for commercial plan members; the sensitivity for at least 2 ICD-9-CM codes was 39.6% for Medicaid, 86.2% for Medicare fee-for-service, and 97.8% for commercial plan members. Specificity may be important to researchers who wish to avoid cases in which ICD-9-CM codes are falsely positive, but specificity could not be examined in this study due to data agreements with the health plans.
• Among Medicaid enrollees, the sensitivity of the codes was significantly higher for younger persons than for those older than aged 75 years, for nonwhites compared with whites, and significantly lower for those with no comorbidity compared with those with 1 or more comorbidities.
• Among Medicare fee-for-service enrollees with NSCLC, sensitivity was significantly lower for female gender, persons aged 55 years or younger, nonwhites, and persons with no comorbidities.
• Stage of disease might be an important factor to consider when analyzing sensitivity, but this additional analysis was not performed.
What this study adds
T he cornerstone of many patterns and cost-of-care studies in cancer are algorithms that use administrative claims data from health insurance plans to identify persons with the cancer of interest. [1] [2] [3] Numerous studies have evaluated the accuracy of algorithms for identifying incident cases of breast cancers, particularly among Medicare-eligible women. [3] [4] [5] Studies comparing the accuracy of administrative codes for lung cancer compared with cancer registry records among Medicare-eligible patients have found sensitivities of administrative codes ranging from 56% to 90%. [5] [6] [7] Knowledge of administrative code sensitivity may facilitate future database and claims research, for example, with research conducted in geographic areas where linkage to clinical data such as medical records or a cancer registry-such as the National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER)-is not possible or not feasible.
While these studies focused on Medicare-eligible patients, nearly one-third of lung cancer patients newly diagnosed each plans. Regence, Medicare, and Medicaid claims contain servicelevel diagnosis and encounter information for all covered services.
To identify subjects with newly diagnosed NSCLC among people living within the 13 counties covered by the SEER-Puget Sound registry, we cross-linked person-level identifiers (full name, gender, date of birth, and in some cases ZIP code) from each plan's enrollment files with histologically confirmed NSCLC cases identified in the SEER-Puget Sound registry. SEER morphology and histology codes are listed in Table 1 . Patients aged 25 and older were included in the database because some patients below the age of 25 may have pediatric cancers; however, these cancers under the age of 25 are extremely rare. Inclusion criteria were as follows: (a) aged 25 or older on the date of diagnosis, defined as the first date of histologically confirmed NSCLC appearing in the SEER database; (b) enrollment in the health plan at the SEER date of diagnosis; and (c) NSCLC diagnosis between January 1, 2002, and December 31, 2005. Patients were excluded if they had other malignancies previously recorded at any time in SEER or did not have complete insurance claims records, including incomplete Medicare claims records due to dropping Part B insurance or entering a Medicare HMO at any time during follow-up. Patients' claims were searched for 12 months post-SEER diagnosis date or until date of death, whichever occurred first. This aggregation of claims allowed for standardization of the database.
Using an algorithm developed by Klabunde et al. (2000) , a noncancer comorbidity score (based on a count of specific comorbidities) was computed for each patient enrolled in Regence Blue Shield or Medicare based on claims observed in the year prior to SEER diagnosis date.
14 Because patients were commonly enrolled in Medicaid at or shortly after their cancer diagnosis, we constructed comorbidity scores for this population using claims records from the point of enrollment.
Using the SEER cancer registry records as the gold standard, we tested the sensitivity of International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes in any field (Table 1) to identify incident cases of NSCLC. For those with more than 1 ICD-9-CM code, we identified the initial date that 1 of these codes appeared and compared it with the diagnosis date recorded in SEER. The insurer data we had were obtained through a request of claims data for cancer patients identified by SEER. Any false positives in the insurer data would not have appeared in the SEER data; therefore, they would not have been requested from the insurer. For this reason, a specificity measure could not be calculated.
If SEER did not record the diagnosis day (i.e., only month and year), we assigned a diagnosis date of the first day of the diagnosis month, pursuant to our common method for these SEER records. The date of record of administrative codes is known to vary in relation to the service date and the date that a condition appears in clinical records. 15, 16 To address the potential impact of this issue on sensitivity, we defined several different time periods to Sensitivity of Administrative Claims to Identify Incident Cases of Lung Cancer: A Comparison of 3 Health Plans year in the United States are younger than age 65 at the time of diagnosis. 8 The relative accuracy of algorithms using administrative claims to identify incident cases of cancer in Medicaid and private health plans is relatively unknown.
Lung cancer cases may be difficult to identify using administrative claims. Many patients, particularly the elderly, do not receive treatment, making reliance on certain administrative claims codes problematic. 9 In addition, timing of codes relative to the actual point of diagnosis is important for many studies, particularly those seeking to separate diagnostic costs from treatment costs.
With these issues in mind, the purpose of this study was to estimate relative sensitivity of claims for identifying persons with non-small cell lung cancer (NSCLC) in 3 health insurance plans: Medicare, Medicaid, and a private insurer serving persons younger than age 65. We sought to determine the timing of administrative codes in relation to the cancer diagnosis date, as established by cancer registry records. We also sought to examine whether age, race, gender, and other illnesses alter the accuracy of codes across plans.
This research received approval from the Washington State Institutional Review Board (Department of Social and Health Services project application number D-053108-S, "Development of a Claims-Based Algorithm to Identify Incident Cases of NonSmall Cell Lung Cancer").
■■ Methods
Patient-level data obtained from the SEER Puget Sound registry were merged with health care claims from 3 health insurers: Medicare, Washington State Medicaid, and Regence Blue Shield. The SEER records provided patient information regarding tumor characteristics, stage at diagnosis, and survival. Demographic information, such as age, gender, and race, was also obtained from SEER registry records. Health insurance status, comorbidity information, and health system utilization were based on insurance enrollment and administrative claims from the 3 payers.
The SEER-Puget Sound registry, established in 1974 under contract with the federal SEER program, provides high-quality data on the incidence, treatment, and follow-up on newly diagnosed cancers occurring in residents of 13 counties in northwest Washington State. 10 Information on cancer cases is obtained by SEER from hospitals, outpatient surgical centers, pathology laboratories, clinician offices, and death certificates.
Regence Blue Shield is a private nonprofit health insurer providing coverage to more than 1 million Washington State residents. 11 The Medicaid program provides health insurance for approximately 420,000 low-income beneficiaries in Washington State. 12 The Medicare program provides coverage for persons aged 65 and older, persons less than 65 years of age with certain disabilities, and persons of all ages with end-stage renal disease. 13 Our analysis includes only fee-for-service Medicare beneficiaries, as individual claims are not submitted to Medicare risk-sharing patients were assigned to the plan that had the greatest volume of cancer claims over the period of interest. For our analysis, all administrative claims from both plans were added to that individual's record.
We created multivariate analyses of factors that could influence sensitivity, using weighted least squares, treating the sensitivity within each covariate class as the outcome. Weights are the number of observations in the covariate classes. Weighting is necessary in the linear model, since we are directly modeling sensitivity, a proportion. The variance of each proportion depends on the number of observations that go into that proportion as well as the value of the proportion itself. The method we used was originated by Grizzle, Starmer, and Koch (1969) 17 and is often referred to as the GSK method. We used the CATMOD procedure in SAS, v9.2 (SAS Institute Inc., Cary, NC) to implement the method. Results are significant if P < 0.05.
Covariates included age (in years, categorized as 55 or search for ICD-9-CM codes in relation to the SEER-recorded date of diagnosis (in days): -30 to 30, -30 to 60; -30 to 90; 0 to 30; 0 to 60; 0 to 90; 0 to 120. Sensitivity was calculated for each interval. The sensitivity of the claims codes increases with the length of time between the service date and the diagnosis date. Therefore, for newly diagnosed cases, the claims data may not be sensitive enough to be useful. The analysis presented exhaustively examines the effect of different lag times. When multiple claims for 1 patient were recorded, the date of the first claim was used. We calculated sensitivity using 1 ICD-9-CM code versus 2 separately recorded ICD-9-CM codes within each time period. Each ICD-9-CM code recorded had a service date. Some patients had more than 1 lung cancer code recorded; it made no difference whether or not they had the same service date. We computed sensitivity for patients across all health plans and stratified by individual health plan. Some patients were enrolled in 2 health plans in our study (e.g., Medicare and Regence Blue Shield). These Table 2 ). The greatest proportion of nonwhite cancer patients were enrolled in Medicaid. Medicare patients had the highest average comorbidity score at the time of diagnosis; Regence Blue Shield patients had the lowest.
Sensitivity of Administrative Claims to Identify Incident Cases of Lung Cancer: A Comparison of 3 Health Plans
The overall sensitivity of ICD-9-CM codes varied substantially by plan type (Table 3) . Algorithm sensitivity was lowest for Medicaid enrollees and highest for Regence enrollees. Sensitivity was lower when 2 separate ICD-9-CM codes were required to indicate a cancer diagnosis. Stratified by time period in relation to diagnosis, sensitivity generally increased over wider time horizons, suggesting that some NSCLC patients are found by administrative coding months after the diagnosis date appearing in SEER.
Using the diagnosis date as recorded by SEER compared with a 0-to 30-day time horizon, the percentage of additional cases detected by ICD-9-CM codes over the additional time horizon at 90 days, for example, was 12% to 17% in Regence Blue Shield, 14% to 19% in Medicaid, and 7% to 9% in Medicare, depending on whether 1 or 2 separate ICD-9-CM codes are used to identify an individual as having NSCLC. The highest sensitivities included administrative codes up to 120 days following the SEER diagnosis date. Including ICD-9-CM codes that appeared 30 days prior to the SEER diagnosis date had little impact on sensitivity compared with only including codes that appeared younger, 56 to 75, and greater than 75), gender, race (white or nonwhite [race is available in SEER data]), and comorbidities as defined by the Klabunde method (0, 1, or more than 1). These are included in the regression model as main effects. A priori, we had no hypotheses of interactions among the predictor variables. However, by including all interactions in the model, we obtained a fit of the so-called saturated model. This model has as many parameters as covariate classes. Thus, it fits the data perfectly in the sense that the predicted values from the saturated model are identical to the observed covariate class sensitivities. This approach is similar to fitting a line to 2 data points or a parabola to 3 data points. The difference in fit (via a Wald test) between
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Application of Exclusion and Inclusion Criteria to Create Database for Analysis
For Medicaid enrollees, those 55 years of age or less show a 31% increase in sensitivity relative to those older than 75, while those aged 56 years to 75 years show a 15% increase. Those with no comorbidities show a decrease in sensitivity of 10% relative to those with 2 or more comorbidities. These regression model results, along with standard errors and P values, are shown in Table 4 .
■■ Discussion
Conducting cancer outcomes research using administrative claims records requires accurate identification of persons with the cancer of interest. In this evaluation of persons with histologically confirmed NSCLC in 3 health insurance plans in Washington State, we found high overall sensitivity when using a single ICD-9-CM code to identify persons with NSCLC while enrolled in Medicare and a commercial insurance plan, but modest sensitivity among persons enrolled in Medicaid. If our results are applied to other commercial and regional Medicare plans, health services researchers may be able to use a relatively simple algorithm of a single ICD-9-CM code to identify most persons with NSCLC, although use of a single ICD-9-CM code may contribute to false positives in the absence of linkage to a SEER registry. Use of a single code may save resources with less programming time while increasing potential sample size of future studies.
If timing in relation to the true diagnosis date is critical for a particular analysis (e.g., to determine relationship of date of diagnosis to date of initial treatment), these analyses suggest that health plan type may be an important factor. Over 83% of Medicare NSCLC cases and 87% of commercial plan NSCLC on or after the SEER-recorded diagnosis date.
The weighted least squares multivariate regression models showed good fit overall for the Medicare and Medicaid patient groups (P = 0.60 and 0.08, respectively), but because of the small number of cases observed in the Regence patient group, the model failed to produce meaningful estimates at all. Considering the 0-to 60-, 0-to 90-, and 0-to 120-day time periods, among those enrolled in Medicaid the sensitivity of the codes was significantly higher for younger persons than for those older than aged 75 years and for nonwhites compared with whites. Sensitivity was significantly lower for those with no comorbidity compared with those with 1 or more comorbidities. With respect to the association between sensitivity and gender, we were not able to reject the null hypothesis.
Among Medicare enrollees with NSCLC, sensitivity was significantly lower for female gender, persons aged 55 years or younger, nonwhites, and persons with no comorbidities. We created regression models for the 0-to 30-, 0-to 60-, 0-to 90-, and 0-to 120-day time periods. There were fewer significant associations for the 30-day time period, but little difference between the 60-, 90-, and 120-day time periods. Figure 2 shows the adjusted sensitivity values for Medicare and Medicaid enrollees considering the different time horizons. The overall pattern of coefficient estimates with each plan is quite similar for the various time windows. We show the estimated coefficients and their standard errors in Table  4 for the 120-day time period. For the Medicare enrollees, there is a significant difference in gender: women show a 5% decrease in sensitivity relative to men. Those enrollees aged 55 years and younger show a 25% decrease in sensitivity relative to those over 75, and nonwhites show a 9% decrease relative to cases were identified within 30 days of the SEER diagnosis date, but fewer were identified in Medicaid. Some lung cancer patients are not treated for their cancer, as the result of being too ill to withstand treatment or choosing not to be treated. Some may also die after a single treatment or discontinue treatment. Therefore the ≥ 2 code cohort will be less numerous than the 1 code cohort.
Sensitivity of Administrative Claims to Identify Incident Cases of Lung Cancer: A Comparison of 3 Health Plans
The sensitivity of ICD-9-CM codes for identifying NSCLC cases was substantially inferior for Medicaid compared with the other 2 health plans. Medicaid provides coverage to a heterogeneous group of patients, many of whom enroll only after being newly diagnosed with cancer. Furthermore, gaps in enrollment and disenrollment shortly after enrolling in Medicaid appear to be common. 18 We postulate that these breaks are the primary reason why ICD-9-CM codes have limited sensitivity for Medicaid enrollees with NSCLC. Other issues unique to Medicaid populations versus privately enrolled or Medicare-enrolled patients might include lack of timely follow-up after an initial evaluation due to access barriers or perhaps differences in how providers code visits for Medicaid patients versus those with other types of insurance.
Among Medicare enrollees, sensitivity was significantly lower for women, younger persons, nonwhites, and those with no comorbidities. It is possible that lung cancer is less suspected in these individuals, thus, less frequently coded. Another possibility is that persons are identified clinically (i.e., in charts) but not recorded in claims because treatments are not initiated. Most lung cancers are diagnosed at advanced stage, and only a minority of patients with advanced stage lung cancer receives treatment for the disease. 8 Those with fewer comorbidities may not be diagnosed because they are less likely to see a physician in general and, thus, have fewer opportunities for a code to be recorded. Among Medicaid enrollees, sensitivity was quite low in general, making interpretation of individual coefficients less useful for decision makers.
Limitations
We note limitations of this study. First, agreements with the respective health plans permitted us to obtain only SEERconfirmed cases that were enrolled in each plan. Thus, we were unable to generate specificity values. Specificity may be important to researchers who wish to avoid cases where ICD-9-CM codes are falsely positive. Second, stage of disease might be an important factor to consider when analyzing sensitivity; however, we did not perform this analysis. Third, the results are restricted to Washington State so may not apply directly to other health plans in other states because of variation in eligibility requirements and regional coding practices.
■■ Conclusion
The sensitivity of administrative claims appears to be high for identifying newly diagnosed NSCLC patients in Medicare and commercial insurance in as little as 60 days following the clinical diagnosis date as recorded by SEER. Identifying Medicaid enrollees is problematic most likely because of cancer-specific enrollment and high disenrollment rates shortly after cancer diagnosis. Age at diagnosis, race, and comorbidity but not gender may significantly influence sensitivity. 
